ABSTRACT. Blood clams (Scapharca broughtonii) are widely cultivated and consumed in noutheast Asia. Forty-eight polymorphic microsatellite loci were developed for this clam using magnetic-bead hybridization enrichment. The number of alleles per locus ranged from 2 to 14. Polymorphism of these loci was assessed in 30 individuals from a population collected from coastal areas of Qingdao, China. The values of observed heterozygosity, expected heterozygosity and polymorphism information content per locus ranged from 0.1034 to 0.9655, from 0.1831 to 0.9208, and from 0.1638 to 0.8964, respectively. Forty-three of 48 loci conformed to Hardy-Weinberg equilibrium. These microsatellite loci would be useful for molecular 4502 J.-T. Tian et al. ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 11 (4): 4501-4507 (2012) genetic breeding, population genetics, genome mapping, and other relevant research on S. broughtonii.
INTRODUCTION
The blood clam Scapharca broughtonii belongs to the family Arcidae, distributed in coastal waters of China, Japan, Korean Peninsula, and southeast Russia. In China, S. broughtonii is one of the most commercially important shellfish resources. It is highly valued because of taste and nutrients. However, the wild resources of S. broughtonii have sharply declined due to overfishing, annual cultivation, environmental pollution, and deterioration of marine ecosystems. Successful management of recovery for the blood clam depends on fishing restriction, artificial breeding programs, and protection of Fine-Breed (Luan et al., 2003; Zhang et al., 2007) .
Little information exists so far on the genetic structure and genetic diversity of the wild populations. Molecular markers, especially microsatellites, are effective markers that have been widely applied to the development of marker-assisted breeding technology and conservation of this species, because of the high degree of polymorphism, abundance, neutrality, and codominant inheritance (Zhan et al., 2005; Schwartz et al., 2007) . Therefore, the development of new polymorphic microsatellite markers opens new perspectives for population genetics (Chen et al., 2005) . Ten and twelve microsatellite markers from S. broughtonii have been isolated by An and Park (2005) and Li and Li (2008) . However, additional loci will be beneficial to both population genetics and construction of a genome map. Here, we developed 48 polymorphic microsatellite markers for S. broughtonii by the method of magnetic-bead hybridization enrichment.
MATERIAL AND METHODS
Thirty individuals were collected from the coastal waters of Qingdao, China. Samples were preserved in alcohol until DNA extraction. An enriched genomic library was constructed essentially following the FIASCO (fast isolation by AFLP of sequences containing repeats) protocol (Zane et al., 2002) , which has been described in detail by Shao et al. (2008) . In brief, genomic DNA was extracted from the adductor muscle using a modified phenol-chloroform procedure (Li et al., 2006) and digested with MseI enzyme (New England Biolabs, USA). The DNA fragments were ligated to MseI adaptors (5'-GATCATGAGTCCTGCT-3' / 5'-CGAGCAGGACTCAGAA-3'). DNA fragments ranging from 400 to 1200 bp were isolated by separation on 1% agarose gels. The products were then pre-amplified in a 20-μL reaction system using an adapter-specific primer (5'-GATCATGAGTCCTGCT-3') to verify successful ligation. The PCR products were purified using a DNA Purification kit (TaKaRa, Japan) and hybridized to biotin-labeled (AC) 15 and (AG) 15 probes. The mixture was denatured at 95°C for 5 min and then at 68°C for 1 h. Subsequently, the hybrids were captured by streptavidin-coated magnetic beads (Promega, USA). After washing, DNA fragments obtained were eluted from the magnetic beads and amplified using the corresponding primer. The amplification products were ligated to pMD18-T vectors (TaKaRa) and transformed into Escherichia coli TOP10 competent cells. From the library, 295 positive clones were randomly selected for sequencing using an ABI Prism 3730 automated DNA sequencer (ABI), of which 208 clones contained microsatellite repeats. Finally, DNA primer pairs were designed using PRIMER PREMIER 5.0 (Premier Biosoft International, USA), and we obtained 124 primer pairs based on the regions flanking the microsatellite motifs. These relevant sequences have been deposited in GenBank (JN682059, JN682183).
The capability of the PCR primer pairs was tested using 8 individuals from the population. The PCR mixtures (25 µL) contained 80-100 ng genomic DNA, 0.8 µM of each primer, 1X PCR buffer (20 mM Tris-HCl, 20 mM KCl, 10 mM (NH4) 2 SO 4 , pH 8.4), 0.2 mM dNTPs, 2 mM MgCl 2 and 1 U Taq DNA polymerase (TaKaRa). Amplification was carried out with the following thermal cycle profile: 94°C for 5 min, 30 cycles of 94°C for 45 s, annealing temperature for 40 s and 72°C for 45 s, and a final extension at 72°C for 8 min. Denatured PCR products were separated on 8% denaturing polyacrylamide gels, and visualized by silver staining. Denatured pBR322DNA/BsuRI marker (Fermentas, Canada) was used as the size standard to identify alleles. Once the polymorphism was confirmed for a given locus, 30 individuals were genotyped to determine heterozygosity. The observed and expected heterozygosities with tests for Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium were calculated using GENEPOP 4.0 (Rousset, 2008) . The MICRO-CHECKER software (Van Oosterhout et al., 2004) was employed to infer the most probable technical cause of departures from HWE, including null alleles, scoring error due to stuttering, and large allelic dropout due to short allele dominance. All results were corrected for multiple simultaneous comparisons using a Bonferroni's correction (Rice, 1989) .
RESULTS AND DISCUSSION
In total, 48 of the 124 microsatellite loci were polymorphic (Table 1) , while the remaining 76 loci were monomorphic or resulted in poor or no amplification in S. broughtonii. Among these 48 polymorphic microsatellite loci, the number of alleles at each locus ranged from 2 to 14 (mean 7.8333). The observed heterozygosity, expected heterozygosity and polymorphism information content ranged from 0.1034 to 0.9655 (mean 0.6661), from 0.1831 to 0.9208 (mean 0.8068), and from 0.1638 to 0.8964 (mean 0.7685), respectively. Five loci deviated significantly from HWE (P < 0.05) after sequential Bonferroni's correction (adjusted P < 0.00104), and as a result, there were 43 loci without deviation from HWE. Such deviations might have been caused by the limited sample size used in our test or the presence of null alleles confirmed by the MICRO-CHECKER version 2.2.3 software (Van Oosterhout et al., 2004) , but no evidence of stuttering and allelic dropout was found in all markers. No significant genotypic linkage disequilibrium was detected between any pairs of loci.
Consequently, these microsatellite loci will enrich the microsatellite marker resources and be useful for the investigation of population structure, assessment of genetic diversity and construction of a genetic linkage map in future studies of S. broughtonii. 
